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ABSTRACT 

We calculate the relativistic thermal bremsstrahlung Gaunt factor for the high-temperature 
plasma which exists in clusters of galaxies. We calculate the Gaunt factor by employing the 
Bethe-Heitler cross section corrected by the Elwert factor. The calculations in this paper are 
made for the fully ionized plasma for the following cases: Z = 10 (Nc), 12 (Mg), 14 (Si), 16 
(S), 26 (Fe). We also calculate the Gaunt factor by using the Coulomb-distorted wave functions 
for nonrelativistic electrons following the method of Karzas and Latter. By comparing the 
Gaunt factors calculated by these two different methods, we carefully assess the accuracy of the 
calculation. We present the numerical results in the form of tables. 

Subject headings: galaxies: clusters: atomic processes — bremsstrahlung: plasmas: relativity 
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1. INTRODUCTION 

High-temperature plasmas exist in the clusters of galaxies (Arnaud et al. 1994; Markevitch et al. 1994; 
Markevitch et al. 1996; Holzapfel et al. 1997). Some clusters have extremely high-temperature electrons, 
ksTe = 10 <~ 15keV. Relativistic expressions for the thermal bremsstrahlung emissivity have been discussed 
by many authors (Gould 1980; Rephaeli & Yankovitch 1997). However, the relativistic expressions have 
been so far derived by power-series expansions. 

Very recently the present authors (Nozawa, Itoh, & Kohyama 1998) have calculated the relativistic 
thermal bremsstrahlung Gaunt factor for the intracluster plasma by using the Bcthc-Hcitler (1934) cross 
section corrected by the Elwert (1939) factor for the following cases: Z = 1 (H), 2 (He), 6 (C), 7 (N), 8 
(O). They have also calculated the bremsstrahlung Gaunt factor by using the Coulomb-distorted wave 
functions for nonrelativistic electrons following the method of Karzas & Latter (1961). They have thereby 
assessed the accuracy of the calculations. Their method of the calculation closely followed the work on the 
calculation of the inverse thermal bremsstrahlung by two of the present authors and their collaborators 
(Itoh, Nakagawa, & Kohyama 1985; Nakagawa, Kohyama, & Itoh 1987; Itoh, Kojo, & Nakagawa 1990; Itoh 
et al. 1991; Itoh et al. 1997). 

In the present paper we will extend the calculation to heavier elements: Z = 10 (Nc), 12 (Mg), 14 (Si), 
16 (S), 26 (Fe). For the sake of completeness, we will restate the formalism in this paper. 

The present paper is organized as follows. We will give formulations for the calculation of the relativistic 
thermal bremsstrahlung Gaunt factor in § 2. The numerical results will be presented in § 3. We will discuss 
the results and give concluding remarks in § 4. 

2. FORMULATION 

In this paper we are concerned with the calculation of the relativistic thermal bremsstrahlung Gaunt 
factor for a high-temperature, low-density plasma which is relevant to the hot gas in the clusters of 
galaxies. We will use the accurate relativistic cross section. We will neglect the effects of screening and 
ionic correlation, which are expected to be small for a high-temperature, low-density plasma which is under 
investigation. 

The cross section for the bremsstrahlung is related to (and can be easily obtained by the principle 
of detailed balancing from) the inverse bremsstrahlung cross section which is shown in Itoh, Nakagawa, 
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& Kohyama (1985). In the last three decades there appeared a great deal of theoretical work concerning 
the accurate relativistic calculation of the bremsstrahlung cross section (Elwert & Haug 1969; Tseng & 
Pratt 1971; Pratt & Tseng 1975; Lee et al. 1976). Elwert & Haug (1969) and Pratt & Tseng (1975) have 
confirmed that the Bethe-Heitlcr (1934) cross section corrected by the Elwert (1939) factor gives excellent 
results for ions with small atomic number Zj. 

The relativistic cross section for the bremsstrahlung is written (following the notation of the original 
Bethe-Heitler paper as closely as possible) as 
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In the above, a is the fine-structure constant, r is the classical electron radius, u> is the angular frequency 
of the emitted photon, pi is the initial momentum of the electron, pf is the final momentum of the electron, 
Ei is the initial energy of the electron, Ef is the final energy of the electron. 



We will calculate the bremsstrahlung cmissivity 
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where n e is the number density of electrons and n, is the number density of ions of charge Zj . Then we 
will average the bremsstrahlung cmissivity over a distribution of electrons taking into account the Pauli 
blocking of the final electron state 
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f(Ei) = {cxp [(Et - p)/k B T] + I}" 1 , (8) 

Jf(E i )d 3 Pl = Wc 3 G (V), (9) 
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/x being the electron chemical potential including the rest mass. For the extreme non-degeneracy (—rj 3> 1) 
and the nonrelativistic temperature (A <C 1), the chemical potential p is related to the electron number 
density n e and the temperature T through the relationship (relativistic Maxwellian distribution) 
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The degeneracy parameter r/ is generally related to the mass density and temperature through the 
relationship 

p / 0.992XA n e 1 2 

= 2.922 x 10 6 G (A^ + A- 1 ). (14) 

In equation (14) p is measured in units of gem -3 , X is the mass fraction of hydrogen, n e is the electron 
number density in units of cm -3 , and Na is Avogadro's number. The reader might wonder the reason 
why we retain the general Fermi-Dirac distribution function rather than we use the relativisitic Maxwellian 
distribution function from the outset. The reason is twofold. The first one is very simple: we wish to make 
strong connections with our previous papers in which we have considered degeneracy of the electrons. The 
second reason is that we consider it most appropriate to use the relationships such as equation (9) when we 
deal with relativistic electrons. This choice reflects upon the mathematical preference of the authors who 
wish to use expressions as general as possible. 

We obtain 
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By doing a transformation x' = x — u, one finds that the formula (16) is related to I (A, v, u, Zj) of Itoh, 
Nakagawa, & Kohyama (1985) (their equation (12)) by 



J (X,u,u,Zj) = e U I (X,u,u,Zj). 



(21) 



We define the temperature-averaged relativistic Gaunt factor gz 6 for the thermal bremsstrahlung 
emissivity by 

< W(w) >du = g Zj < W{uj) > K duj , (22) 
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In the above we have followed the expression of the original paper by Karzas & Latter (1961) as closely as 
possible. Therefore we obtain 

3 V6 X 7/2 n J-(\u,u,Zj) 

We note that the formula (24) is identical to equation (21) of Itoh, Kohyama, & Nakagawa (1985) with the 
positron contributions omitted, because one has e u J~ (A, u, Zj) = I~ (A, v, u, Zj). 

In this paper we will also calculate the exact nonrelativistic energy-dependent Gaunt factor for 
bremsstrahlung, and then use this for the calculation of the thermally-averaged Gaunt factor. The 
formulation is similar to the one presented in the paper by Nakagawa, Kohyama, & Itoh (1987). However, 
for the sake of completeness we will present it here. According to Karzas & Latter (1961), the exact 
nonrelativistic inverse bremsstrahlung Gaunt factor is given by 
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In the above and e/ are the kinetic energies of the initial electron and final electron for the inverse 
bremsstrahlung, fcj and kf are their wave numbers, and 2-F1 (a, b; c; x) is the hypergeometric function. 
Karzas & Latter (1961) have given a power series expansion method for the practical evaluation of G;. We 
have employed their method in the present calculation. 

The thermally-averaged Gaunt factor for the inverse bremsstrahlung by nonrelativistic electrons is 
written as 
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Therefore, the nonrelativistic thermal bremsstrahlung emissivity is given by 
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x [T(K)] 1/2 e~ u du ergs" 1 cm- 3 . 

The thermally-averaged nonrelativistic Gaunt factor <?at.r(u,7 2 ) for the inverse bremsstrahlung has been 
calculated and tabulated by Nakagawa, Kohyama, & Itoh (1987), Itoh, Kojo, & Nakagawa (1990), 
and by Itoh et al. (1997), for high-temperature, high-density plasmas. Carson (1988) calculated the 
thermally-averaged nonrelativistic Gaunt factor for the inverse bremsstrahlung for non-degenerate electrons 
following the method of Karzas & Latter (1961). 

In order to assess the accuracy of the various approximations, we have also calculated the nonrelativistic 
Gaunt factors with the Born approximation corrected by the Elwcrt factor. It is given as 
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The thermally-averaged nonrelativistic Gaunt factor in the Elwert approximation is obtained by inserting 
cq. (34) into cq. (30). 



3. NUMERICAL RESULTS 

We have carried out the numerical calculations of the thermally averaged relativistic and nonrelativistic 
Gaunt factors for the thermal bremsstrahlung. In the present paper we are interested in the high- 
temperature and low-density regime which is relevant to the hot gas in the clusters of galaxies. The electron 
plasma in this regime is extremely nondegenerate, namely i] — oo. It is clear from Fig. 1 of Nozawa, 
Itoh, & Kohyama (1998) that the relativistic Gaunt factor is independent of r\ for negatively large values 
(rj < —10). Therefore we adopt rj = — 70 as the case of rj m — oo throughtout this paper. 

In Fig. 1 we have plotted the thermally averaged relativistic Gaunt factor as a function of the photon 
energy u for Z,=26, rj = -oo and the electron temperatures T = 10 5 K, 10 6 K, 10 7 K, 10 8 K, 10 8 5 K and 
10 9 K. The relativistic effect becomes very important in the high T, large-w region. For the typical plasmas 
in the clusters of galaxies of T = 10 8 K the effect is large for the photon energies logio« > 2. 

In Figs. 2 and 3 we have plotted the thermally averaged relativistic and nonrelativistic Gaunt factors 
for rj = — oo, log 10 u=0 and 1 as a function of the temperature parameter -f 2 defined by eq. (32). The dashed 
curve is the nonrelativistic exact calculation of eq. (30), where the thermally averaged Gaunt factor does 
not depend on Zj and T separately, but on the combination Z? /T. The solid curves from left to right are 
the relativistic cases for Zj=10, 12, 14, 16, and 26, respectively. 
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The numerical results are also presented in Tables 1 and 2 for r) = — oo, 10~ 3 < -f 2 < 10 25 , and 
^q-4.0 < u < 10 3 . The first, second, third, fourth, fifth, and sixth entries correspond to the thermally 
averaged relativistic Gaunt factors of neon, magnesium, silicon, sulphur, iron, and the thermally averaged 
exact nonrelativistic Gaunt factor. We wish to point out the following fact: for 0.0 < logi w < 1.0 and for 
10 < Zj < 26 there exists a certain range of 7 2 where the relativistic Elwert result almost coincides with the 
nonrelativistic exact result. Let us consider the case of Zj = 26. From Table 1 we find that for logiou=0.0 
both results show an excellent agreement (0.1% accuracy) for log 10 7 2 = —0.5. For logiou=1.0 both results 
show a very good agreement (0.4% accuracy) for logio7 2 =1.0. This fact guarantees the accuracy of the 
relativistic Elwert calculation. At high temperatures (small values of 7 2 ) the discrepancy is caused by the 
insufficiency of the nonrelativistic approximation. The discrepancy becomes larger as Zj increases. At low 
temperatures (large values of 7 2 ) the Coulomb distortion of the wave function becomes very large and 
the Elwert approximation becomes less accurate. The accuracy of the numerical calculation of the exact 
nonrelativistic Gaunt factor for low-temperature cases is about 0.1%. 

In order to assess the accuracy of the various approximations, we have also calculated the thermally 
averaged nonrelativistic Gaunt factors using the Elwert approximation. We have found that the 
nonrelativistic Gaunt factor with the Elwert approximation coincides with the nonrelativistic exact Gaunt 
factor for 7 2 < 10~ 10 with an accuracy of better than 0.2% for the photons of moderate energy (say 
logioM ~ 0), thereby proving the excellence of the Elwert approximation at high temperatures. It is also 
found that the nonrelativistic Gaunt factor with the Elwert approximation coincides with the relativistic 
Gaunt factor with the Elwert approximation at low temperatures, as it should. For the cases of heavy 
elements, the Elwert approximation has a lower accuracy compared with the cases of hydrogen and helium. 
Agreement of the results of the calculations with different methods proves the accuracy of the present 
calculations. 

For clusters of galaxies, the relativistic correction is not too large. Take an example of Zj — 26 and 
7 2 = 1 (T = 1.067 x 10 8 K). From Table 1 one finds g R /g NR =l.019 for logi ?i=0.0 and g R /g N R=0-977 for 
logio«=1.0. Therefore, the relativistic correction in the case of Fe is on the order of 2% for clusters of 
galaxies. 



4. CONCLUDING REMARKS 



We have calculated the Gaunt factor for the thermal bremsstrahlung in high-temperature plasmas for 
the cases of Z = 10, 12, 14, 16, 26 by using the accurate relativistic cross section, and have compared the 
result with the Gaunt factor derived by using Sommerfeld's exact nonrelativistic cross section. Significant 
deviations from the nonrelativistic results have been found for high temperature cases. 

We have presented the results in the form of extensive tables. The accuracy of the Elwert approximation 
is better than 0.2% for 7 2 < 10 _1 , logi M <~ 0. The overall accuracy of the present calculation is generally 
about 0.4%. The present paper will be useful to analyze the relativistic effects for the thermal bremsstrahlung 
in the high-temperature plasmas which exist in the clusters of galaxies. The present paper covers a much 
wider temperature range than that of the intracluster plasma for the sake of completeness. 
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Figure Captions 

• Fig. 1. Thermally averaged relativistic Gaunt factor for Zj = 26, r\ = — oo. The dotted curve 
corresponds to T = 10 5 K. The dashed curve corresponds to T = 10 6 K. The dash-dotted curve 
corresponds to T = 10 7 K. The solid curves from right to left correspond to T = 10 8 K, 10 8 5 K and 
10 9 K, respectively. 

• Fig. 2. Thermally averaged Gaunt factors for r\ = —00, logiou = 0. The dashed curve corresponds to 
the nonrelativistic Gaunt factor (N.R. exact). The solid curves from left to right correspond to the 
relativistic Gaunt factors for Zj=10,12,14,16, and 26, respectively. The nonrelativistic Gaunt factor in 
the Elwcrt approximation is also displayed as the dotted curve, but it is indistinguishable from other 
curves. 

• Fig. 3. Same as for Fig. 2 but for 77 = —00, logi u = 1. 
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Table 1. THERMALLY AVERAGED GAUNT FACTORS P 
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Table 1 — Continued 



log 10 7 2 
log 10 u 




-3.0 




-2.5 




-2.0 




-1.5 




-1.0 




-0.5 




0.0 


-0.4 


0. 


5499D+01 





.2475D+01 


0. 


1545D+01 


0. 


1406D+01 


0. 


1453D+01 


0, 


1506D+01 


0. 


1528D+01 




0. 


7183D+01 





3133D+01 


0. 


1715D+01 


0, 


1434D+01 


0. 


1455D+01 


0, 


1505D+01 


0. 


1528D+01 




0. 


8980D+01 





3889D+01 


0. 


1939D+01 


0. 


1475D+01 


0. 


1459D+01 


0. 


1505D+01 


0. 


1528D+01 




0. 


.1087D+02 





.4718D+01 


0. 


.2213D+01 


0. 


1530D+01 


0. 


1466D+01 


0. 


1505D+01 


0. 


1527D+01 




0. 


2126D+02 





.9563D+01 


0. 


.4153D+01 


0. 


2054D+01 


0. 


1547D+01 


0. 


1510D+01 


0. 


1526D+01 




0. 


.1222D+01 





.1251D+01 


0. 


1299D+01 


0. 


1368D+01 


0. 


1439D+01 


0. 


1472D+01 


0. 


1441D+01 


-0.3 


0. 


.5474D+01 





.2397D+01 


0. 


1457D+01 


0. 


1322D+01 


0. 


1378D+01 


0. 


1441D+01 


0. 


1470D+01 




0. 


7196D+01 





.3065D+01 


0. 


1630D+01 


0. 


1350D+01 


0. 


1380D+01 


0. 


1441D+01 


0. 


1469D+01 




0. 


9036D+01 





3833D+01 


0. 


1856D+01 


0. 


1391D+01 


0. 


1384D+01 


0. 


1440D+01 


0. 


1469D+01 




0. 


1097D+02 





.4678D+01 


0. 


2133D+01 


0. 


1446D+01 


0. 


1390D+01 


0. 


1440D+01 


0. 


1469D+01 




0, 


2168D+02 





.9635D+01 


0, 


.4104D+01 


0. 


1974D+01 


0. 


1469D+01 


0. 


1443D+01 


0. 


1466D+01 




0. 


1131D+01 





.1161D+01 


0. 


1211D+01 


0. 


1285D+01 


0. 


1368D+01 


0. 


1416D+01 


0. 


1398D+01 


-0.2 


0. 


5513D+01 





.2338D+01 


0. 


1377D+01 


0. 


1242D+01 


0. 


1306D+01 


0. 


1381D+01 


0. 


1416D+01 




0. 


7299D+01 





.3025D+01 


0. 


1553D+01 


0. 


1270D+01 


0. 


1308D+01 


0. 


1380D+01 


0. 


1416D+01 




0. 


.9213D+01 





.3817D+01 


0. 


1784D+01 


0. 


1311D+01 


0. 


1311D+01 


0. 


1379D+01 


0. 


1415D+01 




0. 


1123D+02 





.4690D+01 


0. 


.2069D+01 


0. 


1367D+01 


0. 


1317D+01 


0. 


1379D+01 


0. 


1414D+01 




0. 


2243D+02 





.9838D+01 


0. 


.4098D+01 


0. 


1908D+01 


0. 


1396D+01 


0. 


1380D+01 


0. 


1411D+01 




0. 


1044D+01 





.1074D+01 


0, 


1126D+01 


0. 


1206D+01 


0. 


1299D+01 


0. 


1363D+01 


0. 


1359D+01 


-0.1 


0. 


.5636D+01 





.2303D+01 


0. 


1303D+01 


0. 


1165D+01 


0. 


1236D+01 


0. 


1324D+01 


0. 


1367D+01 




0. 


.7524D+01 





.3021D+01 


0. 


1486D+01 


0. 


1193D+01 


0. 


1238D+01 


0. 


1322D+01 


0. 


1366D+01 




0. 


.9555D+01 





.3852D+01 


0. 


.1727D+01 


0. 


1236D+01 


0. 


1241D+01 


0. 


1321D+01 


0. 


1366D+01 




0. 


.1170D+02 





.4771D+01 


0. 


2023D+01 


0. 


1294D+01 


0. 


1247D+01 


0. 


1320D+01 


0. 


1365D+01 




0. 


.2367D+02 





.1022D+02 


0. 


.4150D+01 


0. 


1857D+01 


0. 


1328D+01 


0. 


1320D+01 


0. 


1360D+01 




0. 


9602D+00 





9914D+00 


0. 


1045D+01 


0. 


1128D+01 


0. 


1232D+01 


0. 


1311D+01 


0. 


1323D+01 


0.0 


0. 


5876D+01 





2299D+01 


0. 


.1238D+01 


0. 


1091D+01 


0. 


1169D+01 


0. 


1269D+01 


0. 


1322D+01 




0. 


.7919D+01 





.3066D+01 


0. 


1432D+01 


0. 


1122D+01 


0. 


1170D+01 


0. 


1268D+01 


0. 


1322D+01 




0. 


.1012D+02 





.3957D+01 


0. 


.1687D+01 


0. 


1167D+01 


0. 


1174D+01 


0. 


1266D+01 


0. 


1321D+01 




0. 


1246D+02 





.4945D+01 


0. 


.2002D+01 


0. 


1228D+01 


0. 


1180D+01 


0. 


1265D+01 


0. 


1320D+01 




0. 


.2558D+02 





.1085D+02 


0. 


.4280D+01 


0. 


1827D+01 


0. 


1265D+01 


0. 


1263D+01 


0. 


1314D+01 




0. 


8810D+00 





9123D+00 


0. 


9666D+00 


0. 


1053D+01 


0. 


1166D+01 


0. 


1262D+01 


0. 


1290D+01 


0.1 


0, 


6276D+01 





2336D+01 


0. 


.1184D+01 


0. 


1022D+01 


0. 


1103D+01 


0. 


1216D+01 


0. 


1281D+01 




0. 


8550D+01 





.3176D+01 


0. 


1393D+01 


0. 


1055D+01 


0. 


1105D+01 


0. 


1215D+01 


0. 


1280D+01 




0. 


.1102D+02 





.4155D+01 


0. 


1671D+01 


0. 


1104D+01 


0. 


1109D+01 


0. 


1213D+01 


0. 


1279D+01 




0. 


.1364D+02 





.5247D+01 


0. 


.2014D+01 


0. 


1171D+01 


0. 


1115D+01 


0. 


1212D+01 


0. 


1278D+01 




0. 


.2845D+02 





.1183D+02 


0. 


.4515D+01 


0. 


1823D+01 


0. 


1209D+01 


0. 


1209D+01 


0. 


1271D+01 




0. 


8062D+00 





.8374D+00 


0. 


.8920D+00 


0. 


9813D+00 


0. 


1102D+01 


0. 


1213D+01 


0. 


1259D+01 


0.2 


0. 


6902D+01 





.2429D+01 


0. 


.1142D+01 


0. 


9566D+00 


0. 


1040D+01 


0. 


1165D+01 


0. 


1244D+01 




0. 


9517D+01 





.3374D+01 


0. 


1375D+01 


0. 


9936D+00 


0. 


1042D+01 


0. 


1164D+01 


0. 


1243D+01 




0. 


1237D+02 





.4484D+01 


0. 


1684D+01 


0. 


1048D+01 


0. 


1047D+01 


0. 


1162D+01 


0. 


1241D+01 




0. 


1541D+02 





.5728D+01 


0. 


.2068D+01 


0. 


1123D+01 


0. 


1054D+01 


0. 


1160D+01 


0. 


1240D+01 




0. 


3273D+02 





.1332D+02 


0. 


.4899D+01 


0. 


1855D+01 


0. 


1161D+01 


0. 


1157D+01 


0. 


1231D+01 




0. 


.7358D+00 





.7666D+00 


0. 


.8210D+00 


0. 


9117D+00 


0. 


1039D+01 


0. 


1165D+01 


0. 


1229D+01 


0.3 


0. 


.7853D+01 





.2597D+01 


0, 


.1117D+01 


0. 


8965D+00 


0. 


9785D+00 


0. 


1115D+01 


0. 


1208D+01 




0. 


1097D+02 





.3697D+01 


0. 


1382D+01 


0. 


9391D+00 


0. 


9815D+00 


0. 


1113D+01 


0. 


1207D+01 




0. 


1439D+02 





.4998D+01 


0. 


.1737D+01 


0. 


1002D+01 


0. 


9871D+00 


0. 


1112D+01 


0. 


1205D+01 







1805D+02 





.6466D+01 


0. 


,2180D+01 


0. 


1088D+01 


0. 


9963D+00 


0. 


1110D+01 


0. 


1204D+01 




0. 


3909D+02 





.1554D+02 


0. 


,5491D+01 


0. 


1933D+01 


0. 


1123D+01 


0. 


1108D+01 


0. 


1193D+01 







.6698D+00 





.7000D+00 


0. 


.7538D+00 


0. 


8449D+00 


0. 


9774D+00 


0. 


1118D+01 


0. 


1200D+01 


0.4 


0. 


9277D+01 





.2871D+01 


0. 


.1111D+01 


0. 


8421D+00 


0. 


9190D+00 


0. 


1066D+01 


0. 


1174D+01 




0. 


1314D+02 





.4196D+01 


0. 


1424D+01 


0. 


8925D+00 


0. 


9232D+00 


0. 


1064D+01 


0. 


1173D+01 




0. 


1740D+02 





.5778D+01 





1844D+01 


0. 


9667D+00 


0. 


9306D+00 


0. 


1062D+01 


0. 


1171D+01 
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Table 1 — Continued 



log 10 7 2 
log 10 u 




-3.0 




-2.5 




-2.0 




-1.5 




-1.0 




-0.5 




0.0 







.2199D+02 


0. 


.7575D+01 





.2373D+01 


0. 


1069D+01 


0. 


.9422D+00 





.1060D+01 


0. 


1169D+01 







.4855D+02 


0. 


.1885D+02 





.6387D+01 


0. 


.2077D+01 


0. 


1098D+01 





.1061D+01 


0. 


1158D+01 







.6083D+00 


0. 


6376D+00 





.6903D+00 


0. 


.7809D+00 


0. 


.9170D+00 





.1070D+01 


0. 


.1171D+01 


0.5 





.1140D+02 


0. 


3295D+01 





.1133D+01 


0. 


7943D+00 


0. 


8618D+00 





.1016D+01 


0. 


1141D+01 







.1637D+02 


0. 


.4951D+01 





.1512D+01 


0. 


.8556D+00 


0. 


.8677D+00 





.1014D+01 


0. 


1140D+01 







.2188D+02 





.6946D+01 





.2028D+01 


0. 


9461D+00 


0. 


8776D+00 





.1013D+01 


0. 


1138D+01 







.2785D+02 


0. 


.9230D+01 





.2679D+01 


0. 


1071D+01 


0, 


.8928D+00 





.1011D+01 


0. 


1136D+01 







.6270D+02 


0. 


.2377D+02 





.7727D+01 


0. 


.2312D+01 


0. 


1090D+01 





.1017D+01 


0. 


1123D+01 







5513D+00 


0. 


.5795D+00 





.6306D+00 


0. 


J199D+00 


0. 


.8578D+00 





.1021D+01 


0. 


1142D+01 


0.6 





.1457D+02 





.3939D+01 





.1191D+01 


0. 


7545D+00 


0. 


.8071D+00 





.9668D+00 


0. 


1108D+01 







.2119D+02 


0. 


.6081D+01 





.1666D+01 


0. 


.8310D+00 


0. 


.8154D+00 





.9651D+00 


0. 


1106D+01 







.2859D+02 





.8690D+01 





.2318D+01 


0. 


9442D+00 


0. 


.8289D+00 





.9637D+00 


0. 


1104D+01 







.3664D+02 


0. 


1170D+02 





.3150D+01 


0. 


1101D+01 


0. 


8492D+00 





.9628D+00 


0. 


1102D+01 







.8398D+02 


0. 


3115D+02 





.9727D+01 


0. 


2679D+01 


0. 


.1105D+01 





.9764D+00 


0. 


1088D+01 







.4989D+00 


0. 


.5259D+00 





.5751D+00 


0. 


.6618D+00 


0. 


J991D+00 





.9734D+00 


0. 


1107D+01 


0.7 





.1931D+02 





.4905D+01 





.1299D+01 


0. 


7243D+00 


0. 


J553D+00 





.9172D+00 


0. 


1074D+01 







.2843D+02 


0. 


.7771D+01 





.1913D+01 


0. 


8222D+00 


0. 


J670D+00 





.9159D+00 


0. 


1072D+01 







.3868D+02 


0. 


1130D+02 





.2764D+01 


0. 


9674D+00 


0. 


.7856D+00 





.9151D+00 


0. 


1070D+01 







.4988D+02 


0. 


1540D+02 





.3861D+01 


0. 


1169D+01 


0. 


.8131D+00 





.9151D+00 


0. 


1067D+01 







.1162D+03 


0. 


.4226D+02 





.1272D+02 


0. 


3237D+01 


0. 


.1153D+01 





.9410D+00 


0. 


1053D+01 







.4501D+00 


0. 


.4758D+00 





.5228D+00 


0. 


6071D+00 


0. 


.7441D+00 





.9227D+00 


0. 


1079D+01 


0.8 





.2646D+02 


0. 


.6352D+01 





.1478D+01 


0. 


7065D+00 


0. 


.7070D+00 





.8676D+00 


0. 


1039D+01 







.3938D+02 


0. 


.1030D+02 





.2294D+01 


0. 


8342D+00 


0. 


.7234D+00 





.8670D+00 


0. 


1037D+01 







.5398D+02 


0. 


.1521D+02 





.3438D+01 


0. 


.1025D+01 


0. 


.7491D+00 





.8672D+00 


0. 


1034D+01 







.6998D+02 


0. 


.2096D+02 





.4928D+01 


0. 


.1292D+01 


0. 


.7867D+00 





.8687D+00 


0. 


1031D+01 







.1654D+03 


0. 


.5910D+02 





.1722D+02 


0. 


.4078D+01 


0. 


1245D+01 





.9128D+00 


0. 


1018D+01 







.4056D+00 





.4299D+00 





.4745D+00 


0. 


5554D+00 


0. 


.6898D+00 





.8725D+00 


0. 


1045D+01 


0.9 





3731D+02 





.8527D+01 





.1759D+01 


0. 


.7045D+00 


0. 


.6628D+00 





.8183D+00 


0. 


1001D+01 







.5604D+02 


0. 


.1412D+02 





.2872D+01 


0. 


.8746D+00 


0. 


.6858D+00 





.8187D+00 


0. 


9991D+00 







.7730D+02 


0. 


.2113D+02 





.4453D+01 


0. 


1131D+01 


0. 


.7214D+00 





.8204D+00 


0. 


9966D+00 







.1007D+03 


0. 


.2938D+02 





.6530D+01 


0. 


1492D+01 


0. 


.7732D+00 





.8241D+00 


0. 


9939D+00 







2407D+03 


0. 


.8480D+02 





.2402D+02 


0. 


5342D+01 


0. 


1402D+01 





.8948D+00 


0. 


.9826D+00 







.3650D+00 


0. 


.3877D+00 





.4299D+00 


0. 


5069D+00 


0. 


6376D+00 





.8220D+00 


0. 


1009D+01 


1.0 





5388D+02 


0. 


.1181D+02 





.2189D+01 


0. 


7237D+00 





6237D+00 





.7698D+00 


0. 


9621D+00 







.8155D+02 


0. 


1990D+02 





.3745D+01 


0. 


9544D+00 


0. 


.6558D+00 





.7716D+00 


0. 


9598D+00 







.1131D+03 





.3012D+02 





.5980D+01 


0. 


1305D+01 


0. 


J053D+00 





.7755D+00 


0. 


9573D+00 







.1478D+03 





.4223D+02 





.8944D+01 


0. 


1804D+01 


0. 


7772D+00 





.7824D+00 


0. 


9548D+00 







3570D+03 


0. 


1242D+03 





.3437D+02 


0. 


7245D+01 


0. 


1652D+01 





.8913D+00 


0. 


9476D+00 







.3280D+00 


0. 


.3492D+00 





.3887D+00 


0. 


4616D+00 


0. 


5875D+00 





.7715D+00 


0. 


9697D+00 


1.1 





.7932D+02 


0. 


1679D+02 





.2842D+01 


0. 


7720D+00 


0. 


5909D+00 





.7225D+00 


0. 


9208D+00 







.1208D+03 


0. 


.2871D+02 





.5063D+01 


0. 


1090D+01 


0. 


6356D+00 





.7264D+00 


0. 


9186D+00 







.1683D+03 


0. 


.4387D+02 





.8288D+01 


0. 


1579D+01 


0. 


.7047D+00 





.7335D+00 


0. 


9164D+00 







2207D+03 


0. 


.6192D+02 





.1260D+02 


0. 


2281D+01 


0. 


.8051D+00 





.7448D+00 


0. 


9144D+00 







.5372D+03 


0. 


.1851D+03 





.5022D+02 


0. 


1012D+02 


0. 


.2039D+01 





.9087D+00 


0. 


9142D+00 







.2944D+00 


0. 


.3141D+00 





.3510D+00 


0. 


4195D+00 


0. 


5399D+00 





.7213D+00 


0. 


9284D+00 


1.2 





.1186D+03 


0. 


.2440D+02 





.3831D+01 


0. 


8609D+00 


0. 


.5658D+00 





.6770D+00 


0. 


8777D+00 







.1816D+03 


0. 


.4222D+02 





.7056D+01 


0. 


1307D+01 


0. 


.6284D+00 





.6839D+00 


0, 


8758D+00 







.2538D+03 


0. 


.6502D+02 





.1179D+02 


0. 


.2001D+01 


0. 


.7253D+00 





.6955D+00 


0. 


8742D+00 







.3337D+03 


0. 


.9228D+02 





.1817D+02 


0. 


.3006D+01 


0. 


^8667D+00 





.7132D+00 


0. 


.8730D+00 







.8177D+03 


0. 


.2796D+03 





.7463D+02 


0. 


1450D+02 


0. 


.2629D+01 





.9558D+00 


0. 


.8839D+00 







.2640D+00 


0. 


.2822D+00 





.3164D+00 


0. 


.3805D+00 


0. 


.4947D+00 





.6719D+00 


0. 


.8849D+00 
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Table 1 — Continued 



logio 7 2 
logio u 




-3.0 




-2.5 




-2.0 




-1.5 




-1.0 




-0.5 




0.0 


1.3 





1795D+03 


0. 


^ AAATV i aa 

3608D+02 





.5328D+01 


0. 


1008D+01 





.5508D+00 


0. 


/ . . "\ a /ATA i AA 
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.2435D+01 


0. 


.2412D+01 


0. 


2379D+01 
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0. 
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-0.5 


0. 
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0. 
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0. 


1540D+01 


0. 


1550D+01 


0. 


1559D+01 


0. 
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0. 
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0. 


1525D+01 


0. 
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0. 
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0. 
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0. 


1560D+01 


0. 


1567D+01 


0. 


1574D+01 




0. 


1532D+01 


0. 


1538D+01 


0. 


1545D+01 


0. 


1553D+01 


0. 


1560D+01 


0. 


1567D+01 


0. 


1574D+01 




0. 


1543D+01 


0. 


1545D+01 


0. 


1549D+01 


0. 


1555D+01 


0. 


.1562D+01 


0. 


1568D+01 


0. 


1574D+01 




0. 


1670D+01 


0. 


1629D+01 


0. 


1604D+01 


0. 


1590D+01 


0. 


.1583D+01 


0. 


1581D+01 


0. 


1581D+01 




0. 


1502D+01 


0. 


1512D+01 


0. 


1521D+01 


0. 
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0. 


1531D+01 


0. 


1532D+01 


0. 
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-1.1 




-1.0 




-0.9 




-0.8 




-0.7 




-0.6 




-0.5 


— 0.4 


0. 


1440D+01 


0, 


1453D+01 


0. 


1465D+01 


0. 


1477D+01 


0. 


1488D+01 


0, 


1497D+01 


0. 


1506D+01 




0. 


1445D+01 


0, 


1455D+01 


0. 


1466D+01 


0. 


1477D+01 


0. 


1488D+01 


0. 


1497D+01 


0. 


1505D+01 




0. 
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0. 
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1469D+01 
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0. 
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0. 


1505D+01 




0. 


1462D+01 


0. 


1466D+01 


0. 


1473D+01 


0. 


1481D+01 


0. 


1489D+01 


0. 


1497D+01 


0. 


1505D+01 




0. 


1586D+01 


0, 


1547D+01 


0. 


1524D+01 


0. 


1513D+01 


0. 


1508D+01 


0. 


1508D+01 


0. 


1510D+01 




0. 


1426D+01 


0. 


1439D+01 


0. 
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0. 
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0. 
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0. 
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0, 
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0. 
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0. 
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0. 
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0. 
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0. 
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0. 
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0. 


1407D+01 


0. 
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0. 
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0. 
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0. 
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0. 
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0. 
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0. 
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0. 
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0. 
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0. 
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0. 
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0. 


1439D+01 


0. 


1443D+01 




0. 


1353D+01 


0. 


1368D+01 


0. 


1382D+01 


0. 


1394D+01 


0. 


1404D+01 


0. 


1411D+01 


0. 


1416D+01 


-0.2 


0. 


.1289D+01 


0. 


1306D+01 


0. 


1323D+01 


0. 


1339D+01 


0. 


1355D+01 


0. 


1369D+01 


0. 


1381D+01 




0. 


1293D+01 


0. 


1308D+01 


0. 


1323D+01 


0. 


1339D+01 


0. 


1354D+01 


0. 


1368D+01 


0. 


1380D+01 




0. 


1299D+01 


0. 


1311D+01 


0. 


1325D+01 


0. 


1340D+01 


0. 


1354D+01 


0. 


1367D+01 


0. 


1379D+01 




0. 


1309D+01 


0. 


1317D+01 


0. 


1328D+01 


0. 


1341D+01 


0. 


1354D+01 


0. 


1367D+01 


0. 


1379D+01 




0. 


1433D+01 


0. 


1396D+01 


0. 


1377D+01 


0. 


1369D+01 


0. 


1369D+01 


0. 


1373D+01 


0. 


1380D+01 




0. 


.1281D+01 


0. 


1299D+01 


0. 


1316D+01 


0. 


1331D+01 


0. 


1344D+01 


0. 


1355D+01 


0. 


1363D+01 


-0.1 


0. 


.1217D+01 


0. 


1236D+01 


0. 


1255D+01 


0. 


1274D+01 


0. 


1292D+01 


0. 


1309D+01 


0. 


1324D+01 




0. 


1221D+01 


0. 


1238D+01 


0. 


1256D+01 


0. 


1274D+01 


0. 


1292D+01 


0. 


1308D+01 


0. 


1322D+01 




0. 


1227D+01 


0. 


1241D+01 


0. 


1257D+01 


0. 


1274D+01 


0. 


1291D+01 


0. 


1307D+01 


0. 


1321D+01 




0. 


1237D+01 


0. 


1247D+01 


0. 


1260D+01 


0. 


1275D+01 


0. 


1291D+01 


0. 


1306D+01 


0. 


1320D+01 




0. 


1365D+01 


0. 


1328D+01 


0. 


1309D+01 


0. 


1303D+01 


0. 


1304D+01 


0. 


1311D+01 


0. 


1320D+01 




0. 


.1211D+01 


0, 


1232D+01 


0. 


1252D+01 


0. 


1270D+01 


0. 


1286D+01 


0. 


1300D+01 


0. 


1311D+01 


0.0 


0. 


.1148D+01 


0. 


1169D+01 


0. 


1190D+01 


0. 


1212D+01 


0. 


1232D+01 


0. 


1252D+01 


0. 


1269D+01 




0. 


.1152D+01 


0. 


1170D+01 


0. 


1191D+01 


0. 


1211D+01 


0. 


1231D+01 


0. 


1250D+01 


0. 


1268D+01 




0. 


.1158D+01 


0. 


1174D+01 


0. 


1192D+01 


0. 


1211D+01 


0. 


1231D+01 


0. 


1249D+01 


0. 


1266D+01 




0. 


1169D+01 


0. 


1180D+01 


0. 


1195D+01 


0. 


1212D+01 


0. 


1230D+01 


0. 


1248D+01 


0. 


1265D+01 




0. 


.1304D+01 


0. 


1265D+01 


0. 


1246D+01 


0. 


1240D+01 


0. 


1243D+01 


0. 


1252D+01 


0. 


1263D+01 




0. 


.1143D+01 


0, 


1166D+01 


0. 


1189D+01 


0. 


1210D+01 


0. 


1229D+01 


0. 


1247D+01 


0. 


1262D+01 


0.1 


0. 


.1081D+01 


0. 


1103D+01 


0. 


1127D+01 


0. 


1151D+01 


0. 


1174D+01 


0. 


1196D+01 


0. 


1216D+01 




0. 


.1085D+01 


0. 


1105D+01 


0. 


1127D+01 


0. 


1150D+01 


0. 


1173D+01 


0. 


1195D+01 


0. 


1215D+01 




0. 


.1092D+01 


0, 


1109D+01 


0. 


1129D+01 


0. 


1150D+01 


0. 


1172D+01 


0. 


1193D+01 


0. 


1213D+01 




0. 


.1104D+01 


0. 


1115D+01 


0. 


1132D+01 


0. 


1151D+01 


0. 


1172D+01 


0. 


1192D+01 


0. 


1212D+01 




0. 


1252D+01 


0, 


1209D+01 


0. 


1188D+01 


0. 


1182D+01 


0. 


1186D+01 


0. 


1196D+01 


0. 


1209D+01 




0. 


1077D+01 


0. 


1102D+01 


0. 


1127D+01 


0. 


1151D+01 


0. 


1174D+01 


0. 


1195D+01 


0. 


1213D+01 


0.2 


0. 


1016D+01 


0. 


1040D+01 


0. 


1065D+01 


0. 


1092D+01 


0. 


1117D+01 


0. 


1142D+01 


0. 


1165D+01 




0. 


1021D+01 


0. 


1042D+01 


0. 


1066D+01 


0. 


1091D+01 


0. 


1116D+01 


0. 


1141D+01 


0. 


1164D+01 




0. 


1029D+01 


0. 


1047D+01 


0. 


1068D+01 


0. 


1091D+01 


0. 


1115D+01 


0. 


1139D+01 


0. 


1162D+01 




0. 


1043D+01 


0. 


1054D+01 


0. 


1071D+01 


0. 


1092D+01 


0. 


1115D+01 


0. 


1138D+01 


0. 


1160D+01 




0. 


1210D+01 


0. 


1161D+01 


0. 


1136D+01 


0. 


1128D+01 


0. 


1132D+01 


0. 


1142D+01 


0. 


1157D+01 




0. 


1012D+01 


0. 


1039D+01 


0. 


1066D+01 


0. 


1093D+01 


0. 


1119D+01 


0. 


1143D+01 


0. 


1165D+01 


0.3 


0. 


9534D+00 


0. 


9785D+00 


0. 


1005D+01 


0. 


1033D+01 


0. 


1062D+01 


0. 


1089D+01 


0. 


1115D+01 







9596D+00 


0. 


9815D+00 


0. 


1006D+01 


0. 


1033D+01 


0. 


1060D+01 


0. 


1087D+01 


0. 


1113D+01 







9700D+00 


0. 


9871D+00 


0. 


1009D+01 


0. 


1034D+01 


0. 


1060D+01 


0. 


1086D+01 


0. 


1112D+01 




0. 


.9856D+00 


0. 


9963D+00 


0. 


1014D+01 


0. 


1035D+01 


0. 


1060D+01 


0. 


1085D+01 


0. 


1110D+01 




0. 


1182D+01 


0. 


1123D+01 


0. 


1092D+01 


0. 


1080D+01 


0. 


1082D+01 


0. 


1092D+01 


0. 


1108D+01 




0. 


9485D+00 


0. 


9774D+00 


0. 


1007D+01 


0. 


1036D+01 


0. 


1065D+01 


0. 


1092D+01 


0. 


1118D+01 


0.4 


0. 


8936D+00 


0, 


9190D+00 


0. 


9470D+00 


0. 


9765D+00 


0. 


1007D+01 


0. 


1037D+01 


0. 


1066D+01 




0. 


9015D+00 


0. 


9232D+00 


0. 


9487D+00 


0. 


9766D+00 


0. 


1006D+01 


0. 


1035D+01 


0. 


1064D+01 




0. 


9145D+00 


0. 


9306D+00 


0. 


9523D+00 


0. 


9777D+00 


0. 


1005D+01 


0. 


1034D+01 


0. 


1062D+01 
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log 10 u 




-1.1 




-1.0 


-0.9 




-0.8 


-0.7 




-0.6 




-0.5 




0. 


.9338D+00 





.9422D+00 


0.9586D+00 





.9806D+00 


0.1006D+01 





1033D+01 


0. 


1060D+01 




0. 


1172D+01 





.1098D+01 


0.1056D+01 





.1038D+01 


0.1036D+01 





.1045D+01 


0. 


1061D+01 




0. 


8868D+00 





9170D+00 


0.9480D+00 





.9794D+00 


0.1011D+01 





.1041D+01 


0. 


.1070D+01 


0.5 


0. 


.8365D+00 





.8618D+00 


0.8902D+00 





.9208D+00 


0.9526D+00 





.9847D+00 


0. 


1016D+01 




0. 


.8470D+00 





.8677D+00 


0.8930D+00 





.9215D+00 


0.9520D+00 





.9833D+00 


0. 


1014D+01 




0. 


8636D+00 





.8776D+00 


0.8983D+00 





9238D+00 


0.9522D+00 





.9823D+00 


0. 


1013D+01 




0. 


8883D+00 





.8928D+00 


0.9071D+00 





.9282D+00 


0.9538D+00 





.9820D+00 


0. 


1011D+01 




0. 


.1186D+01 





1090D+01 


0.1033D+01 





.1005D+01 


0.9970D+00 





.1002D+01 


0. 


1017D+01 







8267D+00 





.8578D+00 


0.8902D+00 





.9232D+00 


0.9566D+00 


0. 


.9895D+00 


0. 


1021D+01 


0.6 


0. 


7827D+00 





.8071D+00 


0.8353D+00 





.8663D+00 


0.8992D+00 





.9330D+00 


0. 


9668D+00 




0. 


.7967D+00 





.8154D+00 


0.8397D+00 





.8682D+00 


0.8993D+00 





.9320D+00 


0. 


9651D+00 




0. 


8186D+00 





.8289D+00 


0.8475D+00 





.8721D+00 


0.9006D+00 





.9316D+00 


0. 


9637D+00 




0. 


8506D+00 





.8492D+00 


0.8598D+00 





.8788D+00 


0.9037D+00 





.9322D+00 


0. 


.9628D+00 




0. 


1232D+01 





.1105D+01 


0.1027D+01 





.9840D+00 


0.9659D+00 





.9653D+00 


0. 


.9764D+00 




0. 


7677D+00 





.7991D+00 


0.8322D+00 





.8667D+00 


0.9021D+00 





.9379D+00 


0. 


.9734D+00 


0.7 


0. 


7326D+00 





.7553D+00 


0.7826D+00 





.8134D+00 


0.8468D+00 


0. 


.8816D+00 





.9172D+00 




0. 


7514D+00 





.7670D+00 


0.7894D+00 





.8169D+00 


0.8479D+00 





.8813D+00 





.9159D+00 







.7807D+00 





.7856D+00 


0.8007D+00 





.8232D+00 


0.8508D+00 


0. 


.8820D+00 


0. 


9151D+00 




0. 


8231D+00 





.8131D+00 


0.8179D+00 





.8333D+00 


0.8562D+00 





.8841D+00 


0. 


9151D+00 




0. 


1324D+01 





.1153D+01 


0.1043D+01 





.9786D+00 


0.9460D+00 





.9358D+00 


0. 


.9410D+00 




0. 


7123D+00 





.7441D+00 


0.7777D+00 





.8129D+00 


0.8491D+00 


0. 


.8859D+00 


0. 


.9227D+00 


0.8 


0. 


6869D+00 





.7070D+00 


0.7326D+00 





.7625D+00 


0.7956D+00 





8309D+00 


0. 


.8676D+00 




0. 


.7125D+00 





.7234D+00 


0.7426D+00 





.7682D+00 


0.7983D+00 





.8316D+00 


0. 


8670D+00 




0. 


.7520D+00 





.7491D+00 


0.7589D+00 





.7779D+00 


0.8035D+00 





.8338D+00 





.8672D+00 




0. 


8090D+00 





.7867D+00 


0.7831D+00 





.7929D+00 


0.8122D+00 





.8382D+00 


0. 


.8687D+00 




0. 


1482D+01 





.1245D+01 


0.1091D+01 





.9953D+00 


0.9415D+00 


0. 


.9169D+00 





.9128D+00 




0. 


6583D+00 





.6898D+00 


0.7235D+00 





.7590D+00 


0.7960D+00 





.8340D+00 


0. 


.8725D+00 


0.9 


0. 


6466D+00 





.6628D+00 


0.6858D+00 





.7139D+00 


0.7461D+00 


0. 


.7812D+00 


0. 


.8183D+00 




0. 


6816D+00 





.6858D+00 


0.7004D+00 





.7228D+00 


0.7510D+00 





.7834D+00 





.8187D+00 







7354D+00 





.7214D+00 


0.7235D+00 





.7373D+00 


0.7595D+00 





.7879D+00 


0. 


.8204D+00 




0. 


8130D+00 





7732D+00 


0.7576D+00 





.7591D+00 


0.7729D+00 





.7955D+00 


0. 


.8241D+00 







1732D+01 





.1402D+01 


0.1183D+01 





.1043D+01 


0.9585D+00 





.9130D+00 


0. 


.8948D+00 




0. 


6066D+00 





6376D+00 


0.6709D+00 





.7063D+00 


0.7436D+00 





.7823D+00 


0. 


8220D+00 


1.0 





6127D+00 





6237D+00 


0.6429D+00 





.6684D+00 


0.6987D+00 





.7329D+00 


0. 


7698D+00 







.6608D+00 





.6558D+00 


0.6639D+00 





.6817D+00 


0.7068D+00 





.7372D+00 


0. 


7716D+00 




0. 


7347D+00 


0. 


.7053D+00 


0.6966D+00 





.7029D+00 


0.7200D+00 





.7449D+00 





7755D+00 




0. 


8416D+00 





.7772D+00 


0.7445D+00 





7343D+00 


0.7400D+00 





.7572D+00 


0. 


.7824D+00 




0. 


2120D+01 





.1652D+01 


0.1339D+01 





.1135D+01 


0.1006D+01 





.9303D+00 





.8913D+00 




0. 


5574D+00 





.5875D+00 


0.6202D+00 





.6551D+00 


0.6923D+00 





.7312D+00 


0. 


J715D+00 


1.1 


0. 


5869D+00 





5909D+00 


0.6049D+00 





.6266D+00 


0.6542D+00 


0. 


.6866D+00 


0. 


7225D+00 




0. 


6534D+00 





.6356D+00 


0.6347D+00 





.6461D+00 


0.6666D+00 





.6940D+00 





7264D+00 




0. 


.7559D+00 





.7047D+00 


0.6809D+00 





.6767D+00 


0.6864D+00 





.7062D+00 


0. 


7335D+00 




0. 


9046D+00 





.8051D+00 


0.7485D+00 





.7216D+00 


0.7158D+00 





.7250D+00 


0. 


7448D+00 




0. 


.2711D+01 





.2039D+01 


0.1588D+01 





.1290D+01 


0.1097D+01 


0. 


.9776D+00 


0. 


9087D+00 




0. 


5108D+00 





.5399D+00 


0.5715D+00 





.6057D+00 


0.6422D+00 





.6809D+00 


0. 


7213D+00 


1.2 


0. 


5715D+00 





.5658D+00 


0.5729D+00 





.5895D+00 


0.6133D+00 





.6429D+00 


0. 


6770D+00 




0. 


6639D+00 





.6284D+00 


0.6150D+00 





.6176D+00 


0.6317D+00 





.6546D+00 





6839D+00 




0. 


8072D+00 





.7253D+00 


0.6804D+00 





6613D+00 


0.6607D+00 





.6733D+00 


0. 


6955D+00 




0. 


1016D+01 





.8667D+00 


0.7758D+00 





.7255D+00 


0.7034D+00 





.7012D+00 


0. 


.7132D+00 




0. 


3606D+01 





.2629D+01 


0.1973D+01 





.1537D+01 


0.1251D+01 





1068D+01 





.9558D+00 




0. 


.4669D+00 





.4947D+00 


0.5252D+00 





.5582D+00 


0.5939D+00 





.6319D+00 


0. 


6719D+00 
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logio 7 2 
Ic-gio u 




-1.1 




-1.0 


-0.9 




-0.8 




-0.7 




-0.6 


-0.5 


1.3 


0. 


5696D+00 





.5508D+00 


0.5485D+00 





.5582D+00 


0. 


.5770D+00 





.6028D+00 


0.6340D+00 







6990D+00 





.6385D+00 


0.6079D+00 





.5983D+00 


0. 


6038D+00 





.6203D+00 


0.6451D+00 




0. 


.9013D+00 





.7752D+00 


0.7004D+00 





.6608D+00 


0. 


6457D+00 





.6480D+00 


0.6630D+00 




0. 


.H99D+01 





.9759D+00 


0.8360D+00 





.7523D+00 


0. 


7073D+00 





i'i r'\ i \ 1 i "\ . r\ r\ 

.6891D+00 


0.6899D+00 




0. 


4962D+01 





.3525D+01 


0.2562D+01 





.1920D+01 


0. 


1497D+01 





.1221D+01 


0.1046D+01 




0. 


4257D+00 





.4521D+00 


0.4811D+00 





.5129D+00 


0. 


5474D+00 





.5844D+00 


0.6238D+00 


1.4 


0. 


5858D+00 





.5489D+00 


0.5338D+00 





.5343D+00 


0. 


5463D+00 





.5670D+00 


0.5944D+00 




0. 


7684D+00 





.6725D+00 


0.6178D+00 





.5913D+00 


0. 


5849D+00 





.5928D+00 


0.6113D+00 




0. 


1057D+01 





.8669D+00 


0.7492D+00 





.6804D+00 


0. 


.6451D+00 





ri it it i't i" a i /"\ / \ 

.6332D+00 


0.6381D+00 




0. 


1484D+01 





.1154D+01 


0.9430D+00 





.8H4D+00 


0. 


7336D+00 





I I l\ i'\ l~\ 1 X , /"\ /"\ 

.6929D+00 


0.6779D+00 




0. 


.7023D+01 





.4886D+01 


0.3457D+01 





.2506D+01 


0. 


1878D+01 


0. 


.1465D+01 


0.H98D+01 




0. 


3874D+00 





.4123D+00 


0.4398D+00 





.4700D+00 


0. 


5030D+00 





.5386D+00 


0.5768D+00 


1.6 


0, 


J032D+00 





.6045D+00 


0.5471D+00 





.5180D+00 


0. 


5087D+00 





.5137D+00 


0.5293D+00 




0. 


1077D+01 





.8554D+00 


0.7167D+00 





.6333D+00 


0. 


5874D+00 





.5674D+00 


0.5658D+00 







.1681D+01 





.1258D+01 


0.9870D+00 





.8159D+00 


0. 


7112D+00 





.6516D+00 


0.6229D+00 




0. 


.2594D+01 





.1864D+01 


0.1392D+01 





.1088D+01 


0. 


8950D+00 





.7761D+00 


0.7073D+00 




0. 


1499D+02 





.1012D+02 


0.6889D+01 





.4756D+01 


0. 


OOP' AT~V i f~\ 1 

.3350D+01 





.2425D+01 


0.1818D+01 




0. 


.3188D+00 





.3405D+00 


0.3648D+00 





.3916D+00 


0. 


.4212D+00 





a p* o p* i r\ r\ 

.4535D+00 


0.4886D+00 


1.8 


0. 


1030D+01 





.8015D+00 


0.6581D+00 





.5708D+00 


0. 


5213D+00 





.4978D+00 


0.4927D+00 




0. 


1826D+01 





.1328D+01 


0.1010D+01 





.8079D+00 


0, 


.6824D+00 


0. 


.6079D+00 


0.5681D+00 




0. 


3142D+01 





,2l94D+0l 


0.1583D+01 





.1191D+01 


0. 


,9404D+00 


0. 


.7828D+00 


0.6873D+00 




0. 


.5173D+01 





.3524D+01 


0.2460D+01 





.1773D+01 


0. 


1330D+01 





1045D+01 


0.8647D+00 







3392D+02 





.2247D+02 


0.1493D+02 





.9997D+01 


0. 


6770D+01 





.4660D+01 


0.3279D+01 




0. 


2605D+00 





.2792D+00 


0.3001D+00 





.3234D+00 


0. 


.3492D+00 





.3778D+00 


0.4091D+00 


2.0 


0. 


.1815D+01 





.1298D+01 


0.9679D+00 





.7587D+00 


0. 


6278D+00 





.5488D+00 


0.5049D+00 







3574D+01 





.2445D+01 


0.1723D+01 





.1260D+01 


0. 


.9645D+00 





.7768D+00 


0.6605D+00 




0. 


.6554D+01 





.4376D+01 


0.2984D+01 





.2091D+01 


0. 


1517D+01 





1147D+01 


/ \ / \ -i AP7 1 \ i t~\t~\ 

0.9107D+00 




0. 


1123D+02 





.7398D+01 


0.4949D+01 





.3378D+01 


0. 


.2366D+01 





1712D+01 


/ \ ,-\ i\ /'\ i v . r\-\ 

0.1289D+01 







.7967D+02 





.5212D+02 


0.3412D+02 





.2241D+02 


0. 


1481D+02 





.9884D+01 


0.6683D+01 




0. 


2117D+00 





.2274D+00 


0.2451D+00 





.2650D+00 


0. 


2872D+00 
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